Abstract--X-ray intensity ratios of Si/A1, Si/Fe, and AI/Fe in micron-sized particles of geochemical standards were found to vary linearly with the composition ratio. The same linear relationship was found for samples of the clay minerals kaolinite and illite.
INTRODUCTION
Analysis of small particles in the electron probe has been open to the objection that many standards are required and that they must be of similar size, shape, and mineralogy to the samples under study (Armstrong and Buseck, 1975; Weeks and Passoja, 1977) .
Owing to the difficulty of applying matrix corrections to small particles, it is common practice in microprobe analysis to use ratios of X-ray intensities from two constituent elements (Bayard, 1973; White et al., 1966) . Direct proportionality of this intensity ratio to the composition ratio is then assumed. Such proportionality has been found for Ca/Si and Ca/AI ratios for powdered synthetic zeolites (White et al., 1966) . Si/A1 ratios have been determined by X-ray spectrometry (Scott, 1956) and by electron probe microanalysis using polished specimens with a defocused beam (Takagi and Yamaguchi, 1971 ). Both found significantly nonlinear relationships which are attributed largely to the relatively high absorption of SiKc~ by A1. Rowse et al. (1974) found a linear relationship between intensity ratio and composition ratio for standards prepared in resin from mixtures of silica and gibbsite and analysed with a defocused beam. This relationship was then used to analyze particles of kaolinite.
In this experiment we determined the relationship between intensity and composition ratios for Si/A1, Si/ Fe, and AI/Fe for micron-sized particles using wellcharacterized mineral standards. Samples of pure kaolinite and illite were then analyzed similarly and compared to the standards.
MATERIALS AND METHODS
The mineral standards used were albite, biotite, hornblende, orthoclase, phlogopite, and sillimanite. Sources of the standards are detailed in the references. The kaolinite was from Greenbushes, Western Australia, and has been described by Bolland (1975) . Sedimentary illite from Mullellorina, South Australia, was Copyright 9 1978, The Clay Minerals Society provided by Dr. K. Norrish. X-ray powder diffraction identification of the kaolinite and illite was carried out using CuKa radiation on a Phillips vertical goniometer equipped with a graphite curved crystal monochromator.
Approximately 10 mg of sample was hand ground in an agate mortar under butanol. Once the suspension had been thoroughly mixed, a drop was placed on a carbon film on a copper grid. After 5 min the grid was removed, washed in methanol, and dried in air. The grids were then affixed to brass stubs and coated with a 20-nm-thick layer of copper. The specimens were examined in an A.R.L. SEM-Q electron probe microanalyzer equipped with three wavelength dispersive spectrometers. The beam diameter was approximately 0.2 p,m with an accelerating voltage of 15 kV and a probe current of 20 nA. Each particle was analyzed for AI, Si, and Fe simultaneously using conditions given in Table  I . Spectrometers were aligned using corundum, quartz, and pyrite for the A1, Si, and FeKa lines respectively. Twenty-five particles of each specimen in the size range 1-5 p,m were analyzed at random, each particle analyzed being at least 5/zm from its nearest neighbor. For each particle 20,000 counts were accumulated for A1 in 15-50 s. Background corrections were made for every particle by averaging 20-s counts taken for every 10th particle at equal wavelength intervals each side of the peaks; the amount of offset for each element is shown in Table 1 . Background count rates were approximately 20 count/s, 2 counts/s, and 2 counts/s for AI, Si, and Fe, respectively.
RESULTS AND DISCUSSION
X-ray powder diffraction analysis of random powder samples and magnesium saturated and glycerol solvated basally oriented aggregates showed the kaolinite specimen to contain no impurities. The kaolin is moderately well ordered. The illite was also pure and belonged to the dioctahedral group. Vol. 26, No. 4, 1978 X-ray intensity ratios 297 Graphs of intensity ratio against composition ratio for Si/Al, Si/Fe, and Al/Fe are shown in Figures l, 2 , and 3, respectively. The plots are regression lines, the correlation coefficients being better than 0.995 in each case. The coefficients of variation, assuming a normal distribution, are shown for each sample in Table 2 . The variation of both the kaolinite (4.7%) and illite (5.8%) Si/A1 ratios is similar to the variation of the mineral standards. The large variation for the sillimanite is thought to be due to variation in composition of the mineral. The variation for the Biotite Mica-Fe samples was found to be due to a bimodal distribution.
The results of the hornblende analyses have not been included on the graph because the sample was found to be unstable under the electron beam. The Si count rate appeared to increase with time relative to the A1 and Fe count rates. None of the other samples showed this effect.
We would expect that the linear relationship found between the intensity and the composition ratios should hold as long as the particles are smaller than the X-ray emission volume. Assuming a density of 3.0 g/cm 3 and following Reed (1966), the particle diameter required to contain 99% of the SiKa X-ray production is 4.5-5.0 /zm. The particle diameters analyzed in this experiment do not exceed these values. Increases in density above 3.0 g/cm a and particle size above 5 /xm will probably affect the linearity of the relationship. Shifts in wavelength associated with changes of A1 coordination number should not make more than a 1-2% difference to the results, when corundum is used to set the wavelength (Sweatman and Long, 1969) . Although only silicate minerals have been analyzed in this study, the linear relationship between intensity and composition ratios can be expected to hold for other minerals using the experimental procedure outlined here provided the elements analyzed are major constituents of the mineral 9 In view of the varied shape and mineralogy of the standards the linearity of the relationship between in- tensity and composition ratios for Si/AI, Si/Fe, and A1/ Fe is excellent. Both kaolinite and illite show the same relationship between intensity and composition ratios. This suggests that use may be made of these clay minerals as well as standard minerals for determining composition ratios of specimens without the use of matrix corrections providing that the particle diameter is less than 5/xm. This technique will be well suited to the determination of homogeneity of clay mineral specimens. Calculation of structural formulae of clay minerals normally involves the assumption of complete homogeneity. In specimens where two or more structurally similar but chemically distinct species are present the recognition and analysis of the separate phases will enable studies of mineral properties and provenance to be made with greater confidence. ACKNOWLEDGMENTS M. A. F. Pyman gratefully acknowledges the support of a University of Western Australia studentship. We thank Dr. R. J. Gilkes for helpful discussions and for providing the mineral standards used in this study. 
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